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Description

FIELD OF THE INVENTION

[0001] This invention relates to a method of and ap-
paratus for controlling switching of electrical switching
devices. The invention has particular application to con-
trolling the switching of electro-mechanical switching
devices such as relays and contactors and to the switch-
ing of reactive circuits, and the invention will hereinafter
be described in such context. However, it will be under-
stood that the invention may have broader application,
for example to the control of other switching devices,
such as solid state switching devices, and to the switch-
ing of non-reactive loads.

BACKGROUND OF THE INVENTION

[0002] Most electrical loads are predominantly induc-
tively reactive, due typically to the presence in load cir-
cuits of induction motors, transformers and fluorescent
lamp ballasts. Such circuits exhibit two interrelated char-
acteristics, lagging current and back emf, the former of
which gives rise to arc erosion of the contacts of electro-
mechanical switching devices. This problem is signifi-
cant when contact opening occurs at an inappropriate
time in a given cycle or, expressed in an alternative way,
if contact opening occurs at a time when the instanta-
neous value of current is relatively high. The problem is
exacerbated in situations where highly repetitive switch-
ing is required. Also, with miniaturisation of switching
devices and consequential reduction in the volume of
metal presentin contacts, arc erosion leads to more rap-
id deterioration than might occur in more robust devices.
[0003] The inductive reactance in a load frequently is
countered and the load circuit power factor is improved
by employing capacitors which have no function other
than to create a capacitive reactance which balances at
least in part the inductive reactance of the circuit. How-
ever, even if the load power factor is corrected to unity,
so that the circuit is effectively wholly resistive under
steady state conditions, complex transient conditions
may exist at switch-on and/or switch-off. For example,
a rapid rise of initially leading current may give rise to
excessive arcing if contact bounce occurs with closing
of contactor or relay contacts in a circuit that incorpo-
rates capacitors, even if the inductive reactance of the
circuit is greater than the capacitive reactance.

[0004] The presentinvention recognises that contact
damage will be minimised if switching is effected when
alternating current is instantaneously at or near zero (i.
e., during zero crossover). The patent application JP-
06250746 discloses an apparatus to control the open-
ing/closing of a relay, detecting the zero current crossing
as such. But, in order to avoid the relatively high cost
and/or power loss that would be incurred in detecting for
zero current crossing as such, it is proposed that the
timing of switch operation (i.e., the timing of contact
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opening and/or closing in the case of an electro-me-
chanical switching device) be adjusted progressively to
occur at or rear the point of zero current crossing. Such
adjustmentis made responsive to the detection of a volt-
age that is indicative of the presence of back emf in the
circuit.

SUMMARY OF THE INVENTION

[0005] The present invention may be defined broadly
as providing a method of controlling a switching device
which is connectable between a load and an alternating
current supply. The method comprises the steps of:

(a) detecting for the existence of a voltage across
the load following actuation of the switching device
to a non-conducting state, and

(b) if a voltage having a predetermined level is de-
tected, incrementally adjusting the phase angle at
which subsequent actuation cf the switching device
is effected in succeeding periods of the supply volt-
age.

[0006] The invention may also be defined in terms of
an apparatus which is arranged to control a switching
device which is connectable between a load and an al-
ternating current supply. The apparatus comprises
means for effecting actuation of the switching device be-
tween conducting and non-conducting conditions,
means for detecting the existence of a predetermined
voltage level across the load following actuation of the
switching device to a non-conducting state, and means
for incrementally adjusting the phase angle at which
subsequent actuation cf the switching device is effected
in succeeding periods of the voltage supply.

[0007] If a voltage is detected to be present across
the load following actuation of the switching device to a
non-conductive condition and the voltage is at a level
greater than that attributable to noise, the voltage will
be a measure of a back emf generated in the load and,
hence, will indicate the existence of an inductively reac-
tive load and current flow through the load. Then, by ad-
justing the phase angle at which subsequent actuations
of the switching device are effected in subsequent peri-
ods of the voltage supply until a pointis reached at which
no voltage is detected, a point of zero current crossing
will be reached. The number of switching operations re-
quired to reach the desired operating condition would
normally be very small relative to the total number of
switching operations to be performed by the device.

PREFERRED FEATURES OF THE INVENTION

[0008] The method and apparatus as above defined
have application to any form of switching device, includ-
ing solid state switching devices which, whilst not sub-
ject to arcing problems, might desirably be controlled in
certain applications to effect switching at a point of zero
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current crossing. However, the invention does have par-
ticular application to the control of electro-mechanical
switching devices and, hence, to the protection of con-
tacts against excessive arcing when the devices are ac-
tuated to open and/or closed conditions.

[0009] The invention in its more basic form may be
employed primarily in the context of switching inductive-
ly reactive loads and, in this application of the invention,
it may be arranged solely for controlling the opening of
an electro-magnetic switching device at or near a point
of zero current crossing. To achieve this objective, con-
trol will be exercised progressively to retard (or delay)
the timing of opening the contacts during succeeding
periods of the applied voltage until a voltage indicative
of back emf is no longer detected following successive
openings of the contacts. However, the invention may
take other forms, in which it is employed for controlling
the timing of closing of switch contacts and, in the ab-
sence of any voltage that is indicative of back emf, for
controlling opening and/or closing, but more particularly
closing, of contacts in a circuit that has capacitive reac-
tance.

[0010] In a preferred form of the invention as applied
to electro-mechanical switching devices, detection is
made for the presence of back emf or, more accurately,
for the presence of a voltage which is indicative of the
presence of back emf, within a predetermined period,
typically one cycle following opening of the contacts of
the switching device. However, it is most preferred that
detection for the presence of back emf may be made
within 10 mS of the opening of the contacts.

[0011] If a voltage which is indicative of the presence
of back emfis detected within the predetermined period,
the timing of the next succeeding opening of the con-
tacts preferably is retarded (or delayed) for a period of
time which is less than that of one half-cycle of the ap-
plied voltage waveform. The retardation period is most
preferably equal to approximately 1 mS. Similarly, if
back emf is not detected to be present within the prede-
termined period, timing of opening of the contacts is
preferably advanced for a period of time that is less than
one half-cycle of the applied voltage waveform and,
most preferably, the advancement is effected for a pe-
riod equal to approximately 1 mS.

[0012] In order to guard against the possibility that
spurious signals may be detected to give a false indica-
tion of the existence of back emf, advancement or re-
tardation, as the case may be preferably is delayed until
at least two and preferably three detections are made
of a voltage at an appropriate level following successive
openings of the contacts.

[0013] The invention will be more fully understood
from the following description of a preferred embodi-
ment of an apparatus for use in controlling switching of
an electro-mechanical relay. The description is provided
with reference to the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] In the drawings:

Figure 1 shows a schematic representation of an
electrical circuit having an inductively reactive load
and a device for controlling actuation of a relay in
circuit with the load,

Figure 2 shows a waveform of applied voltage and
load current at relay contact opening times, and
Figure 3 shows in block diagrammatic form control
functions that are relevant to a microprocessor
shown in Figure 1.

DETAILED DESCRIPTION OF THE INVENTION

[0015] As illustrated in Figure 1, arelay 10 is located
in series with an inductively reactive load 11, the load
being connected across a single phase, alternating cur-
rent supply 12. The relay 10 is shown for convenience
as having a normally-open moving contact 13 which is
opened and closed against fixed contact 14 by a sole-
noid coil 15, although a bistable relay might alternatively
be employed. The relay coil 15 is energised from the
supply 12 by way of a driver stage 16.

[0016] The driver stage 16 is controlled to effect en-
ergisation and de-energisation of the coil 15 and, hence,
closing and opening of the moving contact 13 at a pre-
determined phase angle in the periodic waveform of the
supply voltage. To this end, the driver stage 16 is cou-
pled electrically to a microprocessor 17 to which three
inputs are applied. The first input 18 is applied, when
required, as a relay open or close command signal. The
second input 19 comprises a supply voltage signal at
mains frequency and it is employed to synchronise op-
eration of the microprocessor. The third input 20 is ap-
plied as a measure of the back emf voltage that is gen-
erated in the load 11 following opening of the relay con-
tacts 13 and 14. This would normally take the form of a
signal that has a steeply rising leading edge, exhibiting
a mathematical step function, and would not have a si-
nusoidal waveform.

[0017] As indicated previously, it is desired that the
relay contacts 13 and 14 be opened and/or closed (but
referred to hereinafter simply as "opened") at a time
when the alternating load current has an instantaneous
value at or near zero, and it has been determined that
a convenient way of achieving this is to detect for the
existence of back emf in the circuit and to adjust pro-
gressively the timing of opening of the relay contacts un-
til the back emf reduces to a level at or near zero volts.
To achieve this, having detected the existence of back
emf within a predetermined time period of 10 mS follow-
ing opening of the relay contacts, the timing of next
opening of the relay contacts is retarded by a predeter-
mined amount. This is effected by adjusting (i.e., retard-
ing) the phase angle at which contact opening is effect-
ed in the applied voltage waveform and it is for this rea-
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son that the operation of the microprocessor 17 is syn-
chronised with the frequency of the supply voltage.
[0018] Ina particularly preferred form of the invention,
adjustment of the phase angle at which contact opening
is effected is made in one of two directions, depending
upon whether the back emf is or is not detected within
the 10 mS predetermined period following opening of
the contacts. If a voltage signal is detected which indi-
cates the presence of back emf, the timing of the next
opening of the contacts is delayed by 1 mS relative to
the timing on the supply voltage waveform of the previ-
ous opening of the contacts. This relative timing is syn-
chronised and hence controlled with respect to the ap-
plied voltage waveform and, thus, the succeeding open-
ing is effectively made at a retarded phase angle relative
to the preceding opening. This is indicated in Figure 2
of the drawings, which shows waveforms of applied volt-
age and lagging current, wherein T, indicates the point
on the voltage/current waveform at which the coil 15 is
energised to first open the contacts and T, indicates in
relative terms the (retarded) point at which the coil is
energised to next open the contacts when the relay is
next actuated. Of course, the actual clock time of open-
ing of the contacts is arbitrary and it is only with respect
to the voltage waveform that the points T, and T, are
shifted progressively in 1 mS (i.e. 18-degree) incre-
ments.

[0019] From the diagrammatic representation of Fig-
ure 2 it can be seen that progressive retardation of the
opening timing relative to the applied voltage will lead
eventually to a condition where opening of the contacts
is effected at the zero current crossover point T5, and at
this point of contact opening arcing will be minimised
between the fixed and moving contacts 13 and 14.
[0020] The above described operations are program
controlled in the microprocessor 17 and the various
process control functions are indicated diagrammatical-
ly in the flow diagram shown in Figure 3.

[0021] As indicated in Figure 3, when a relay "open"
signal 18 is applied to the microprocessor 17, a test is
made as to whether the processor is phase locked to
the supply voltage 19 and, hence, to the supply voltage
frequency. The frequency is assumed for the purpose
of this specification to be 50 Hz, and in the case of a 60
Hz supply appropriate adjustments will need be made
in some of the stated timing periods. If the test is deter-
mined in the negative, phase locking is effected and fur-
ther processing proceeds.

[0022] If the synchronisation test is answered in the
affirmative, a test is made as to whether a back emf is
detected following contact opening. Thus, a testis made
as to whether a voltage input 20 has a rise time greater
than that of the supply voltage and whether the voltage
input 20 has an amplitude greater than that which would
be attributable to circuit noise. This test is made within
10 mS following opening (i.e., "current" opening) of the
contacts and would normally be completed well within
1 mS following the contact opening.
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[0023] If a voltage indicative of the existence of back
emf is tested in the affirmative, the processor is pro-
grammed to effect a 1 mS delay in the timing of the next
succeeding opening of the contacts relative to the time
on the voltage waveform at which the "current" opening
is effected. However, the creation of such delay is sub-
ject to a preceding test as to whether the closing delay
has already been incremented five times, to establish a
total delay of 5 mS or, in other words, a total phase angle
retardation of 90°.

[0024] If the presence of a voltage 20 indicative of
back emf is tested in the negative within a period of 10
mS following a "current" opening of the contacts (this
indicating the possibility of a capacitive load), the proc-
essor is programmed to effect a 1 mS advance in the
timing of the next succeeding opening of the contacts
relative to the time on the voltage waveform at which the
current opening is effected. However, as in the case of
the delay implementation, the advancement of opening
also is subject to a preceding test that the closing time
advancement has not already incremented five times
since a change occurred in the test for the existence of
a voltage indicative of back emf in the circuit.

[0025] The various process steps shown in the flow
diagram of Figure 3 may be implemented in any micro-
processor having elements that are arranged to perform
the process steps under program control. Such a micro-
processor is well known in the art and program control
may be implemented in any manner to give effect to the
algorithm which underlies the flow diagram shown in
Figure 3.

Claims

1. A method of controlling a switching device which is
connectable between a load and an alternating cur-
rent supply, the method comprising the steps of:

(a) detecting for the existence of a voltage
across the load following actuation of the
switching device to a non-conducting state and
(b) if a voltage having a predetermined level is
detected, incrementally adjusting the phase an-
gle at which subsequent actuation of the
switching device is effected in succeeding pe-
riods of the supply voltage.

2. The method as claimed in claim 1 wherein said de-
tection is made for a voltage which is indicative of
a back emf generated in the load as a consequence
of actuation of the switching device to a non-con-
ducting state.

3. Themethod as claimed in claim 1 or claim 2 wherein
the phase angle is incrementally adjusted to retard
the timing of actuation of the switching device in
succeeding actuations of the device.
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The method as claimed in claim 3 wherein the
phase angle is adjusted over succeeding actuations
of the device to a maximum extent not exceeding
90°.

The method as claimed in any one of claims 1 to 4
wherein the detection for the existence of a voltage
across the load is made within a period of time less
than that occupied by one cycle of the alternating
current waveform following actuation of the switch-
ing device to a non-conducting state.

The method as claimed in any one of claims 1 to 4
wherein the detection for the existence of a voltage
across the load is made within 10 mS following ac-
tuation of the switching device to the non-conduct-
ing state.

The method as claimed in any one of claims 1 to 6
wherein the phase angle is incrementally adjusted
in a manner such that the timing of actuation of the
switching device in succeeding periods is delayed
incrementally by a period of time which is less than
that occupied by one-half cycle of the alternating
current supply.

The method as claimed in any one of claims 1 to 6
wherein the phase angle is incrementally adjusted
in a manner such that the timing of actuation of the
switching device in succeeding periods is delayed
incrementally by approximately 1 mS.

The method as claimed in any one of the preceding
claims wherein, if a voltage across the load is not
detected following actuation of the switching device
to a non-conducting state, the phase angle at which
subsequent actuations of the switching device is ef-
fected is incrementally adjusted to advance the tim-
ing of actuation of the switching device in succeed-
ing actuations of the device.

The method as claimed in claim 9 wherein the
phase angle which is incrementally adjusted to ad-
vance the timing of actuation of the switching device
is adjusted over succeeding actuations of the
switching device to a maximum extent not exceed-
ing 90°.

The method as claimed in any one of the preceding
claims wherein the incremental adjustment of the
phase angle is effected only when the switching de-
vice is actuated to a non-conducting state.

The method as claimed in any one of claims 1 to 10
wherein the incremental adjustment of the phase
angle is effected when the switching device is actu-
ated to a non-conducting state and to a conducting
state.
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13.

14.

15.

16.

17.

18.

The method as claimed in any one of the preceding
claims when applied to the control of a switching
device in the form of an electro-mechanical switch-
ing device.

An apparatus which is arranged to control a switch-
ing device which is connectable between a load and
an alternating current supply, the apparatus com-
prising means for effecting actuation of the switch-
ing device between conducting and non-conducting
conditions, means for detecting the existence of a
predetermined voltage level across the load follow-
ing actuation of the switching device to a non-con-
ducting state, and means for incrementally adjust-
ing the phase angle at which subsequent actuation
of the switching device is effected in succeeding pe-
riods of the voltage supply.

The apparatus as claimed in claim 14 wherein the
means for detecting the existence of the predeter-
mined voltage level and for incrementally adjusting
the phase angle at which subsequent actuation of
the switching device is effected are embodied in a
MiCroprocessor.

The apparatus as claimed in claim 15 wherein the
means for effecting actuation of the switching de-
vice includes a driver stage which is operated under
the control of the microprocessor.

The apparatus as claimed in any one of claims 14
to 16 when integrated with the switching device, and
wherein the switching device comprises an electro-
mechanical switching device.

The apparatus as claimed in any one of claims 15
to 17 wherein the microprocessor is arranged to
process the method as claimed in any one of claims
1to 13.

Patentanspriiche

1.

Verfahren zum Steuern eines Schaltelementes, das
zwischen einer Last und einer Wechselstromver-
sorgung geschaltet werden kann, wobei das Ver-
fahren die folgenden Schritte aufweist:

(a) Nachweisen des Vorhandenseins einer
Spannung Uber der Last im Anschluf3 an eine
Betatigung des Schaltelementes in einen nicht-
leitenden Zustand; und

(b) wenn eine Spannung, die ein vorgegebenes
Niveau aufweist, nachgewiesen wird, schritt-
weises Regulieren des Phasenwinkels, bei
dem eine anschlieBende Betatigung des Schal-
telementes in den nachfolgenden Perioden der
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Speisespannung bewirkt wird.

Verfahren nach Anspruch 1, bei dem der Nachweis
fur eine Spannung vorgenommen wird, die auf eine
gegenelektromotorische Kraft hinweist, die in der
Last als Folge der Betatigung des Schaltelementes
in einen nichtleitenden Zustand erzeugt wird.

Verfahren nach Anspruch 1 oder Anspruch 2, bei
dem der Phasenwinkel schrittweise reguliert wird,
um die Zeitsteuerung der Betatigung des Schaltele-
mentes bei den nachfolgenden Betatigungen des
Elementes zu verzdgern.

Verfahren nach Anspruch 3, bei dem der Phasen-
winkel Gber nachfolgende Betatigungen des Ele-
mentes bis zu einem maximalen Grad regulert wird,
der nicht 90° Ubersteigt.

Verfahren nach einem der Anspriiche 1 bis 4, bei
dem der Nachweis des Vorhandenseins einer
Spannung Uber der Last innerhalb einer Zeitperi-
ode, die kleiner ist als die, die von einem Zyklus der
Wechselstromwellenform in Anspruch genommen
wird, im Anschluf? an die Betatigung des Schaltele-
mentes in einen nichtleitenden Zustand vorgenom-
men wird.

Verfahren nach einem der Anspriiche 1 bis 4, bei
dem der Nachweis des Vorhandenseins einer
Spannung Uber der Last innerhalb von 10 mS im
Anschlull an die Betatigung des Schaltelementes
in den nichtleitenden Zustand vorgenommen wird.

Verfahren nach einem der Anspriiche 1 bis 6, bei
dem der Phasenwinkel schrittweise in einer Weise
so reguliert wird, dafl® die Zeitsteuerung der Betati-
gung des Schaltelementes in nachfolgenden Peri-
oden schrittweise durch eine Zeitperiode verzégert
wird, die kleiner ist als die, die von einem Halbzy-
klus der Wechselstromversorgung in Anspruch ge-
nommen wird.

Verfahren nach einem der Anspriiche 1 bis 6, bei
dem der Phasenwinkel schrittweise in einer Weise
so reguliert wird, daf’ die Zeitsteuerung der Betati-
gung des Schaltelementes in nachfolgenden Peri-
oden schrittweise um anndhernd 1 mS verzogert
wird.

Verfahren nach einem der vorhergehenden Anspri-
che, bei dem, wenn eine Spannung Uber der Last
im Anschluf3 an die Betatigung des Schaltelemen-
tes in einen nichtleitenden Zustand nicht nachge-
wiesen wird, der Phasenwinkel, bei dem anschlie-
Rende Betatigungen des Schaltelementes bewirkt
werden, schrittweise reguliert wird, um die Zeit-
steuerung der Betatigung des Schaltelementes bei
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10.

11.

12.

13.

14.

15.

16.

17.

nachfolgenden Betatigungen des Elementes wei-
terzuschalten.

Verfahren nach Anspruch 9, bei dem der Phasen-
winkel, der schrittweise reguliert wird, um die Zeit-
steuerung der Betdtigung des Schaltelementes
weiterzuschalten, iber den nachfolgenden Betati-
gungen des Schaltelementes bis zu einem maxima-
len Grad reguliert wird, der nicht 90° Gibersteigt.

Verfahren nach einem der vorhergehenden Anspri-
che, bei dem die schrittweise Regulierung des Pha-
senwinkels nur bewirkt wird, wenn das Schaltele-
ment in einen nichtleitenden Zustand betatigt wird.

Verfahren nach einem der Anspriiche 1 bis 10, bei
dem die schrittweise Regulierung des Phasenwin-
kels bewirkt wird, wenn das Schaltelement in einen
nichtleitenden Zustand und einen leitenden Zu-
stand betatigt wird.

Verfahren nach einem der vorhergehenden Anspri-
che, wenn es bei der Steuerung eines Schaltele-
mentes in der Form eines elektromechanischen
Schaltelementes angewandt wird.

Vorrichtung, die angeordnet ist, um ein Schaltele-
ment zu steuern, das zwischen einer Last und einer
Wechselstromversorgung geschaltet werden kann,
wobei die Vorrichtung aufweist: eine Einrichtung fur
das Bewirken der Betatigung des Schaltelementes
zwischen leitenden und nichtleitenden Zustanden;
eine Einrichtung fir das Nachweisen eines vorge-
gebenen Spannungsniveaus Uber der Last im An-
schluf} an die Betatigung des Schaltelementes in
einen nichtleitenden Zustand; und eine Einrichtung
fiir das schrittweise Regulieren des Phasenwinkels,
bei dem eine anschlieRende Betatigung des Schal-
telementes bei nachfolgenden Perioden der Span-
nungsversorgung bewirkt wird.

Vorrichtung nach Anspruch 14, bei dem die Einrich-
tung fir das Nachweisen des Vorhandenseins des
vorgegebenen Spannungsniveaus und fir das
schrittweise Regulieren des Phasenwinkels, bei
dem eine anschlieRende Betatigung des Schaltele-
mentes bewirkt wird, in einem Mikroprozessor ver-
korpert werden.

Vorrichtung nach Anspruch 15, bei dem die Einrich-
tung fir das Bewirken einer Betatigung des Schal-
telementes eine Treiberstufe umfafdt, die unter der
Steuerung des Mikroprozessors betatigt wird.

Vorrichtung nach einem der Anspriiche 14 bis 16,
wenn sie mit dem Schaltelement integriert ist, und
bei der das Schaltelement ein elektromechani-
sches Schaltelement aufweist.
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18. Vorrichtung nach einem der Anspriiche 15 bis 17,

bei dem der Mikroprozessor angeordnet ist, um das
Verfahren durchzufliihren, das in einem der Paten-
tanspriiche 1 bis 13 beansprucht wird.

Revendications

Un procédé pour commander un dispositif de com-
mutation qui peut étre connecté entre une charge
et une source de courant alternatif, le procédé com-
prenant les étapes suivantes :

(a) on détecte s'il existe une tension aux bornes
de la charge a la suite de I'actionnement du dis-
positif de commutation pour le faire passer
dans un état non conducteur, et

(b) siune tension ayant un niveau prédéterminé
est détectée, on ajuste de fagon incrémentielle
I'angle de phase auquel un actionnement sui-
vant du dispositif de commutation est effectué
dans des périodes successives de la tension
d'alimentation.

Le procédé selon la revendication 1, dans lequel on
détecte une tension qui indique une force contre-
électromotrice générée dans la charge sous I'effet
de l'actionnement du dispositif de commutation
pour le faire passer dans un état non conducteur.

Le procédé selon la revendication 1 ou la revendi-
cation 2, dans lequel I'angle de phase est ajusté de
fagon incrémentielle pour retarder l'instant d'action-
nement du dispositif de commutation dans des ac-
tionnements successifs du dispositif.

Le procédé selon la revendication 3, dans lequel
I'angle de phase est ajusté au cours d'actionne-
ments successifs du dispositif jusqu'a une valeur
maximale ne dépassant pas 90°.

Le procédé selon I'une quelconque des revendica-
tions 1 a 4, dans lequel la détection de I'existence
d'une tension aux bornes de la charge est effectuée
au cours d'une période inférieure a celle occupée
par un cycle de la forme d'onde de courant alterna-
tif, a la suite de I'actionnement du dispositif de com-
mutation pour le faire passer dans un état non con-
ducteur.

Le procédé selon I'une quelconque des revendica-
tions 1 a 4, dans lequel la détection de I'existence
d'une tension aux bornes de la charge est effectuée
au cours d'une période de 10 ms a la suite de I'ac-
tionnement du dispositif de commutation pour le fai-
re passer dans I'état non conducteur.
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Le procédé selon I'une quelconque des revendica-
tions 1 a 6, dans lequel I'angle de phase est ajusté
de fagon incrémentielle de maniére que l'instant
d'actionnement du dispositif de commutation dans
des périodes successives soit retardé de maniére
incrémentielle d'une période qui estinférieure a cel-
le occupée par un demi-cycle de la source de cou-
rant alternatif.

Le procédé selon I'une quelconque des revendica-
tions 1 a 6, dans lequel I'angle de phase est ajusté
de fagon incrémentielle de maniére que l'instant
d'actionnement du dispositif de commutation au
cours de périodes successives soit retardé de ma-
niere incrémentielle d'environ 1 ms.

Le procédé selon I'une quelconque des revendica-
tions précédentes dans lequel, si une tension aux
bornes de la charge n'est pas détectée a la suite de
I'actionnement du dispositif de commutation pour le
faire passer dans un état non conducteur, I'angle de
phase auquel des actionnements suivants du dis-
positif de commutation sont effectués, est ajusté de
maniére incrémentielle pour avancer l'instant d'ac-
tionnement du dispositif de commutation au cours
d'actionnements successifs du dispositif.

Le procédé selon la revendication 9, dans lequel
I'angle de phase qui est ajusté de fagon incrémen-
tielle pour avancer l'instant d'actionnement du dis-
positif de commutation est ajusté au cours d'action-
nements successifs du dispositif de commutation
jusqu'a une valeur maximale ne dépassant pas 90°.

Le procédé selon I'une quelconque des revendica-
tions précédentes, dans lequel I'ajustement incré-
mentiel de I'angle de phase est effectué seulement
lorsque le dispositif de commutation est actionné
pour passer dans un état non conducteur.

Le procédé selon I'une quelconque des revendica-
tions 1 a 10, dans lequel I'ajustement incrémentiel
de I'angle de phase est effectué lorsque le dispositif
de commutation est actionné pour passer dans un
état non conducteur et dans un état conducteur.

Le procédé selon I'une quelconque des revendica-
tions précédentes, lorsqu'il est appliqué a la com-
mande d'un dispositif de commutation sous la forme
d'un dispositif de commutation électromécanique.

Un appareil qui est congu pour commander un dis-
positif de commutation qui peut étre connecté entre
une charge et une source de courant alternatif, I'ap-
pareil comprenant des moyens pour effectuer I'ac-
tionnement du dispositif de commutation entre des
conditions conductrice et non conductrice, des
moyens pour détecter I'existence d'un niveau de
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tension prédéterminé aux bornes de la charge a la
suite de l'actionnement du dispositif de commuta-
tion pour le faire passer dans un état non conduc-
teur, et des moyens pour ajuster de fagon incrémen-
tielle I'angle de phase auquel un actionnement sui-
vant du dispositif de commutation est effectué au
cours de périodes successives de la source de ten-
sion.

L'appareil selon la revendication 14, dans lequel les
moyens pour détecter I'existence du niveau de ten-
sion prédéterminé et pour ajuster de fagon incré-
mentielle I'angle de phase auquel un actionnement
suivant du dispositif de commutation est effectué
sont mis en oeuvre dans un microprocesseur.

L'appareil selon la revendication 15, dans lequel les
moyens pour effectuer I'actionnement du dispositif
de commutation comprennent un étage d'attaque
qui est actionné sous la commande du micropro-
cesseur.

L'appareil selon l'une quelconque des revendica-
tions 14 a 16, lorsqu'il est intégré avec le dispositif
de commutation, et dans lequel le dispositif de com-
mutation consiste en un dispositif de commutation
électromécanique.

L'appareil selon l'une quelconque des revendica-
tions 15 a 17, dans lequel le microprocesseur est
adapté pour mettre en oeuvre le procédé selon l'une
quelconque des revendications 1 a 13.
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